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(54) ZnO COMPOUND SEMICONDUCTOR LIGHT EMITTING ELEMENT AND PRODUCTION 
METHOD THEREOF 



(57) A light emitting device includes a silicon sub- 
strate (1), a silicon nitride film (2) formed on the surface 
of the silicon substrate (1). at least an v n-type layer (3), 
(4) and a p-type layer (6), (7) which are formed on the 
silicon nitride film (2) and also which are made of a ZnO 
based compound semiconductor and a semiconductor 
layer lamination (11) in which layers are laminated to 
form a light emitting layer. Preferably this silicon nitride 
film (2) is formed by thermal treatment conducted in an 
atmosphere containing nitrogen such as an ammonium 
gas. Also : in another embodiment, a light emitting de- 
vice is formed by growing a ZnO based compound sem- 
iconductor layer on a main face of a sapphire substrate, 
the main face being perpendicular to the C-face thereof. 
As a result, it is possible to obtain a device using a ZnO 
based compound with high properties such as an LED 
very excellent in crystallinity and having a high light emit- 
ting efficiency. 



FIG. 1 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconductor light emitting device such a semiconductor laser or a light 
emitting diode that is capable of emitting a light in a blue region required for higher definition of an optical disc memory 
having a high recording density, a laser beam printer etc. which use a ZnO based compound semiconductor, and a 
method for manufacturing the same, and a device using a ZnO based compound semiconductor such an SAW device, 
a pyroelectric device, a piezo-electric device, a gas sensor, etc. and a method for growing a crystal of a ZnO based 
compound semiconductor layer used in the manufacture of the same. More particularly, the present invention relates 
to a device using a ZnO based compound semiconductor that is capable of providing electrodes on both right and back 
sides of a chip and also capable of cleavage or that is capable of growing a ZnO based compound semiconductor 
layer with good crystallinity to improve element characteristic such as light emitting efficiency, and a method for growing 
a ZnO based compound semiconductor layer for the manufacture of such devices. 

BACKGROUND ART 



[0002] Recently, blue region (which means to-be of a wavelength range of ultra-violet to yellow colors) light emitting 
diodes (hereinafter abbreviated as LEDs) for use as a light source used in a full-color display and signal lamp or blue 

20 region semiconductor lasers (hereinafter abbreviated as LDs) for a light source used in a next-generation high-definition 
DVD capable of continuous oscillation at room temperature, were developed by growing GaN-based compound sem- 
iconductor layers on the C-plane of a sapphire substrate, and thereby drawing attention from the industries. 
[0003] As shown in FIG. 14 illustrating a perspective explanation view of an LD chip, this structure comprises a 
sapphire substrate 21 and group 111 nitride compound semiconductor layers sequentially grown thereon by Metal Or- 

25 ganic Chemical Vapor Deposition (hereinafter abbreviated as MOCVD), in such a configuration that a GaN buffer layer 
22, an n-type GaN layer 23, an n-type clad layer 24 made of Al 0 12 Ga 088 N, an n-type light guide layer 25 made of 
GaN, an active layer 26 having a multi-quantum well structure made of InGaN-based compound, a p-type light guide 
layer 27 made of p-type GaN, a first p-type clad layer 28a made of p-type Al 0 2 Ga 0 8 N, a second p-type clad layer 28b 
made of Al 0 12 Ga 0 88 N, and a contact layer 29 made of p-type GaN are stacked sequentially and parts of these stacked 

30 semiconductor layers are dry-etched, as shown in FIG. 14, to expose the n-type GaN layer 23 on which an n-side 
electrode 31 is formed with a p-side electrode 30 being formed on the contact layer 29. 

[0004] The ZnO based compoundsemiconductor, on the other hand, has been studied in a variety of aspects because 
it has wide-gap energy semiconductor so that Cd can be mixed in crystallinity to narrow the band gap energy and also 
emit a blue region light similarly and also because it can be used in a SAW device, a pyro-electric device, a piezoelectric 

35 device, etc. This ZnO based compound semiconductor is also a hexagonal crystal like GaN based compound and 
sapphire, and so has an approximate value of the lattice constant, so that (0001 ) sapphire having a C-plane as its main 
plane which is used generally as a substrate for growing epitaxially GaN based compound semiconductor layers in 
the industries is expected to be used as a substrate for growing ZnO based compound semiconductor layers. 
[0005] The growth of a ZnO based compound semiconductor on the (0001) sapphire substrate is described in. for 

40 example, "Room-temperature ultraviolet laser emission from self-assembled ZnO microcrystallite thin films" Applied 
Physics Letters, Vo. 72, No. 25, issued on Jun. 22'nd, 1998, pp. 3270-3272. 

[0006] As mentioned above, since a substrate employed in the prior art blue region semiconductor light emitting 
device is made of (0001 ) sapphire having the C-plane as its main plane, it has no conductivity and cannot give therein 
a vertical-type device (which means to have a construction in which electrodes are provided on both right and back 

45 sides of the chip) that has electrodes on both its top and bottom faces of a stack. These electrodes, therefore, must 
be provided on the upper surface of the semiconductor layer lamination and the surface of its underlying semiconductor 
layer exposed by etching part of the upper layers, thus giving birth to a problem of complicating manufacturing proc- 
esses such as etching process and chip die bonding process. Moreover since the sapphire substrate is very hard, it 
cannot be cloven easily and is difficult to form a flat end face necessary as the mirror surface of an optical resonator 

50 for a semiconductor laser, problematically. That is, although the sapphire substrate is capable of obtaining a well- 
conditioned mono-crystal semiconductor layer, it has an inevitable difficulty in processibiiity and formation of electrodes 
during the manufacturing process. 

[0007] Further, sapphire has a c-axial length C s of 1 .2991 nm and an a-axial length as of 0.4754 nm, while ZnO has 
a c-axial length c z of 0.5213 nm and an a-axial length a z of 0.325 nm, so that the lattice mismatching rate e becomes 
55 a very large value of e = (a 2 - a s )/ a s = -31 .6%. In this case, as shown in FIG. 1 5, the ZnO crystal may sometimes grow 
as rotated by 30 degrees, even in which case, the crystal mismatching degree e has a very large value of e = (2/3 1/ 2. 
a z " z s) /a s = " 21 This brings about complicated actions of such various parameters as a substrate temperature at 
the time of crystal growth, amounts of Zn and O elements supplied, a substrate surface treatment method, and an 
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inclination angle, thus giving birth to a problem of poor reproducibility of the flatness of a crystal-growing surface. 
[0008] Also, since sapphire and ZnO mismatch in lattice constant with each other the ZnO crystal may sometimes 
grow as rotated by 30 degrees as mentioned above, so that there are mixed a crystal not rotated and a crystal rotated 
by 30 degrees, thus giving birth to a problem of even poorer reproducibility of the flatness of the crystal growing surface. 

5 [0009] In view of the above, it is a first object of the present invention to provide a semiconductor light emitting device 
such as an LED or LD made of a ZnO based compound semiconductor, that is of a vertical type capable of providing 
electrodes from both right and back sides of a chip thereof, that has excellent crystallinity of a semiconductor layer 
thereof and a good light emitting efficiency, and that does not use sapphire as a material of a substrate thereof to 
thereby provide a convenient construction in both manufacture and use. 

w [0010] It is a second object of the present invention to provide a semiconductor light emitting device manufacturing 
method involving surface treatment of a silicon substrate fitted especially to a purpose of growing a ZnO based com- 
pound semiconductor on the silicon substrate with good crystallinity. 

[001 1] It is a third object of the present invention to provide a device using a ZnO based compound such as a sem- 
iconductor light emitting device with improved device properties which gives a ZnO based compound crystal layer with 
15 good crystallinity even on a sapphire substrate. 

[0012] It is a fourth object of the present invention to provide such a method for growing a ZnO based compound 
layer that is capable of giving a ZnO based compound crystal layer with excellent crystallinity even on a sapphire 
substrate. ~*\ 

[0013] II is a Nfth object of the present invention to provide a semiconductor light emitting device such as an LED or 
20 LD having excellent light emitting properties which employs a ZnO based compound semiconductor while using a 
sapphire substrate. 



DISCLOSURE OF THE INVENTION 



25 [0014] The present inventors greatly investigated about how to grow a ZnO based compound semiconductor on a 
large-diameter and easy-to-handle silicon substrate by eliminating inconveniency of growing the ZnO based compound 
semiconductor on a sapphire substrate as mentioned above, to achieve the first and second objects. As a result, it 
was found that a reason why an attempt to grow a ZnO based compound semiconductor directly on a silicon substrate 
results in an amorphous ZnO based compound to thereby disable obtaining a semiconductor layer with good crystallinity 

30 is that radical oxygen introduced to grow the ZnO based compound acts to fiercely oxidize the surface of the silicon 
substrate first to there make the surface amorphous before ZnO based compound grows, so that by forming beforehand 
a thin nitride film by nitridating the surface of the silicon substrate, the surface of the silicon substrate can be prevented 
from being oxidized to thereby grow a ZnO based compound semiconductor layer excellent in crystallinity, thus ob- 
taining a semiconductor light emitting device having excellent light emitting properties. 

35 [0015] To achieve the first object, a semiconductor light emitting device according to the present invention includes 
a silicon substrate, a silicon nitride film formed on the surface of the silicon substrate, and a semiconductor layer 
lamination which is formed on the silicon nitride film and also which has at least n-type and p-type layers made of an 
ZnO based compound semiconductor to thereby form a light emitting layer. 

[0016] A ZnO based compound semiconductor referred to here specifically means ZnO or an oxide of Zn and one 
^0 or more group MA elements, Zn and one or more group IIB elements, or Zn and one or more group I J A and group IIB 
elements. This is the same in the following description. 

[0017] By providing such a construction, in which a silicon nitride film is formed on the surface of a silicon substrate, 
even when radical oxygen is introduced to grow a ZnO based compound semiconductor layer, the surface of the silicon 
substrate is not roughened by oxidation, thus enabling growing on the surface a ZnO based compound semiconductor 
45 layer with good crystallinity. As a result, it is possible to obtain a semiconductor layer lamination with good crystallinity 
and hence a semiconductor light emitting device excellent in light emitting properties. 

[0018] Preferably the surface of the silicon nitride film is not formed amorphous but flat to thereby further improve 
the crystallinity of a ZnO based compound semiconductor later formed thereon. 

[0019] In this specification, to be flat in surface of the silicon nitride film refers to such a surface condition that the 
50 surface is not amorphous nor irregular so its lattice array may be recognizable, for example, such a condition that a 
streaky or spotty image may appear as a result of, for example, reflective high-energy electron diffraction (RHEED, by 
which an electron beam accelerated at 10-50 kV is made incident upon a substrate surface with a small angle (1-2 
degrees) to thereby project the electron beam reflected and diffracted by surface atoms onto a screen in order to check 
the crystal surface condition). 

55 [0020] The silicon nitride film should preferably be formed to a thickness of not more than 1 0 nm so that its surface 
may not be poly-crystallized but be flat. 

[0021] Preferably the semiconductor layer lamination has a double-hetero construction that sandwiches an active 
layer made of Cd^n^O (0 < x < 1 ) between clad layers which are made of MgyZn^O (0 < y < 1 ) and also each of 
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which has a larger band gap energy than that of the active layer, to thereby provide an LED or LD made of a ZnO 
based compound semiconductor and excellent in light emitting properties. 

[0022] To achieve the second object, a method for manufacturing a semiconductor light emitting device of the present 
invention includes the steps of; forming a silicon nitride film on a surface of a silicon substrate by conducting heat 
treatment the silicon substrate in an atmosphere containing nitrogen : and growing on the silicon nitride film a semi- 
conductor layer lamination to form a light emitting layer which is made of a ZnO based compound semiconductor. 
[0023] This method makes it possible to form a nitride film on the surface of a silicon substrate so that the surface 
may not be oxidized and, at the same time, not be poly-crystallized to thereby maintain a crystallized surface of the 
silicon substrate on which a ZnO based compound semiconductor excellent in crystallinity can be grown and also to 
form the silicon nitride film very thin to thereby prevent electrical discontinuity between the silicon substrate and the 
semiconductor layer lamination. 

[0024] To prevent the poly-crystallization, preferably the step of forming the silicon nitride film is performed while 
controlling the processing temperature or time in such a manner that the surface of the silicon nitride film formed may 
maintain the flatness of the silicon substrate surface. That is, preferably the nitridation processing is conducted at 650 
°C for 5 to 1 0 minutes or so and, more preferably, for 7 minutes or so to obtain a ZnO based compound semiconductor 
layer excellent in crystallinity; if it is conducted for 15 minutes or so, however the surface is poly-crystallized to poly- 
crystallize a ZnO based compound semiconductor grown thereon also, so that it is impossible to obtain a ZnO based 
compound semiconductor layer with good crystallinity. At a temperature of 800 °C, on the other hand, nitridation 
processing needs lo be conducled only for 3 minutes or so to obtain a ZnO based compound semiconductor layer 
excellent in crystallinity: while at the lower temperature, conversely, the processing time should preferably be longer. 
Those conditions can be set so as to provide a flat surface of the silicon nitride film by checking the surface condition 
using, for example, the above-mentioned RHEED method. 

[0025] To achieve the third through fifth objects, the present inventors greatly investigated to grow a ZnO based 
compound layer with fewer lattice defects and better crystallinity in order to grow a ZnO based compound crystal layer 
on a sapphire substrate. As a result, it was found that a ZnO based compound layer can be grown on the surface of 
a sapphire substrate by growing on a main face such an A-face that is perpendicular to the C-face, to thereby obtain 
a device very excellent in crystallinity as well as in device properties such as light emitting properties. 
[0026] To achieve the third object, a device having a ZnO based compound layer of the present invention comprises 
a sapphire substrate which has its main face that is perpendicular to the C-face thereof and a ZnO based compound 
layer grown epitaxially on the main face of the sapphire substrate. 

[0027] The term "face perpendicular to the C-face of a sapphire substrate" here includes, besides the sapphire's A- 
face, a face that crosses at right angles with the C-face. which may rotate in the C-face plane and the term "perpen- 
dicular" implies an allowance of ±0.5 degree, a typical value in the substrate specifications. 

[0028] In such a construction, a ZnO based compound layer grows perpendicularly to the c-axis of the sapphire 
substrate, so that the a-axis of ZnO grows along the c-axis of sapphire. As a result, presumably, four crystals of the 
ZnO based compound each measuring an a-axial length (of 0.325 nm) go along a c-axial length (of 1 .2991 nm) to 
thereby give a very low crystal mismatching degree of 0.07% or so, thus providing an excellent crystal face. 
[0029] Preferably the sapphire substrate has an A-face as its main face because it is easy to get. 
[0030] To achieve the fourth object, a method for growing a ZnO based compound layer of the present invention 
features that the ZnO based compound layer is epitaxially grown on a sapphire substrate so that the c-axis of the ZnO 
based compound layer may be perpendicular to the c-axis of the sapphire substrate. 

[0031] To achieve the fifth object, a semiconductor light emitting device of the present invention includes a sapphire 
substrate having its main face that is perpendicular to the C-face thereof, and a semiconductor layer lamination which 
layers are laminated to form a light emitting layer, the layers having at least n-type and p-type layers made of a ZnO 
based compound semiconductor grown epitaxially on the main face of the sapphire substrate. The main face of the 
sapphire substrate perpendicular to the C-face may be, for example, the A-face. 

[0032] Preferably the semiconductor layer lamination has a double-hetero construction that sandwiches an active 
layer made of Cd x Zn 1o( 0 (0 < x < 1) by clad layers which are made of MgyZn^O (0 < y < 1) and also each of which 
has a larger band gap energy than that of the active layer to thereby obtain an LED or LD made of an ZnO based 
compound semiconductor and excellent in light emitting properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] 

FIG. 1 is a perspective explanation view for showing an LED chip of a semiconductor light emitting device according 
to one embodiment of the present invention; 

FIG. 2 is a graph for showing a preferred relationship between a temperature and a time of nitridation processing 
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of a silicon substrate surface; 

FIGS. 3(a) to 3(c) are illustrations for showing the RHEED method for checking a substrate surface and diffracted 
images of the substrate surface observed; 

FIG. 4 is a cross-sectional view for showing another embodiment of the semiconductor light emitting device of the 
5 present invention; 

FIG. 5 is a cross-sectional view for showing a further embodiment of the semiconductor light emitting device of 
the present invention; 

FIG. 6 is a cross-sectional view for showing a state of a ZnO layer grown on an A-face sapphire substrate of a still 
further embodiment; 

10 FIGS. 7(a) to 7(b) are illustrations for showing a typical face orientation of a sapphire single crystal; 

FIG. 8(a) is an illustration for showing a pole figure by an X-ray reflected image of a ZnO layer grown on a sapphire 
substrate having an A-face as its main face of the present invention and FIG. 8(b) is a similar illustration of that 
grown on a sapphire substrate having a C-face as its main face; 

FIG. 9 is a graph for showing a contrast between a photo-luminescent spectrum (A) of a ZnO layer grown on a 
15 sapphire substrate having an A-face as its main face of the present invention and that (C) grown on a sapphire 

substrate having a C-face as its main face; 

FIG. 10 is an illustration for showing an orientation of a ZnO crystal obtained when ZnO is grown on an A-face of 
sapphire of the invention; 

FIG. 11 is an illustration Tor an LED chip according to one example of the semiconductor light emitting device of 
20 the present invention using an A-face sapphire substrate; 

FIG. 1 2 is an illustration for showing the LD chip according to another example of the semiconductor light emitting 
device of the present invention using an A-face sapphire substrate; 

FIG. 1 3 is an illustration for showing the LD chip according to a further example of the semiconductor light emitting 
device of the present invention having an A-facc sapphire substrate; 
25 FIG. 14 is a perspective explanation view for showing one example of a prior art LD chip using a GaN based 

compound semiconductor; and 

FIG. 15 is an illustration for showing a crystal orientation obtained when ZnO is grown so as to have its C-face 
oriented parallel of the C-face of sapphire. 



30 BEST MODE FOR CARRYING OUT THE INVENTION 



[0034] The following will describe a semiconductor light emitting device using a silicon substrate of the present in- 
vention and a method for manufacturing the same with reference to the drawings. 

[0035] As shown in FIG. 1 illustrating a perspective explanation view of an LED chip according to its one embodiment, 
35 a semiconductor light emitting device of the present invention using a silicon substrate comprises a silicon substrate 
1 , a silicon nitride film 2 formed thereon : and a semiconductor layer lamination 11 formed thereon : which lamination 
11 has at least n-type layers 3 and 4 and p-type layers 6 and 7 made of a ZnO based compound semiconductor to 
form a light emitting layer. 

[0036] As mentioned above, the present inventors greatly investigated to grow a ZnO based compound semicon- 
40 ductor with good crystallinity on a silicon substrate and it was found that an attempt to grow a ZnO based compound 
semiconductor directly on the silicon substrate results in radical oxygen composing this ZnO based compound semi- 
conductor first reacting fiercely with silicon to make the surface amorphous and form irregularities therein, thus making 
it impossible to obtain a ZnO based compound semiconductor layer with good crystallinity. Then, it was found that first 
by nitridating the surface of the silicon substrate to combine the dangling-bonded Si and N (nitrogen) on the substrate 
45 surface to thereby form a silicon nitride film thin, a ZnO based compound semiconductor with good crystallinity can be 
grown on this film. 

[0037] This silicon nitride film could be preferably formed on the surface of the silicon substrate through nitridation 
processing involving heat treatment thereof in an atmosphere containing nitrogen such as a nitrogen gas or ammonium 
gas. but excessive nitridation processing resulted in the ZnO based compound semiconductor on the substrate surface 
50 being poly-crystallized, thus making it impossible to obtain a ZnO based compound semiconductor with good crystal- 
linity. 

[0038] That is, wc put a washed silicon substrate 1 in an MBE (Molecular Beam Epitaxy) growing apparatus, for 
example, introduced NH 3 gas plasma-excited by an RF power source, and formed the silicon nitride film 2 by heat 
treatment in various conditions of the processing temperature and time. Further we grew a ZnO based compound 
55 semiconductor layer on each silicon nitride film formed by various conditions and checked the film quality of a ZnO 
based compound semiconductor layer grown thereon. This check came up with such a result shown in Table 1 below 
that a very good film quality of the ZnO based compound semiconductor layer is obtained by heat treatment at 650 °C 
for 7 minutes (as indicated by © ), a good film quality thereof is obtained by heat treatment for 5-10 minutes (as 
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indicated by O), and a non-preferable film quality thereof is obtained by heat treatment at the same temperature for 
15 minutes because the ZnO based compound semiconductor becomes amorphous (as indicated by x). Also, nitri- 
dation processing at 800°C for 3 minutes resulted in the same good film quality being obtained of the ZnO based 
compound semiconductor layer. 



Table 1 



Film quality vs. nitridation processing temperature and time 


Processing Lemperalure(°C) 


650 


650 


650 


650 


800 


Processing time(minute) 


5 


7 


10 


15 


3 


Film quality 


0 


® 


0 




O 



[0039] This relationship may be reflected on the graph shown in FIG. 2, in which naturally, at a lower temperature 
the processing rate is lowered so that a longer processing time is required to obtain the same film quality, so that 
presumably by conducting the processing under the conditions in a range P surrounded by a solid line in FIG. 2. a 
good quality of the silicon nitride film can be obtained and hence a good quality of the ZnO based compound semicon- 
ductor layer grown thereon can be obtained. 

[0040] The film quality is specifically checked using so-called a reflection high-energy electron diffraction method 
(RH EED method) typically provided to an MBE apparatus: that is, asshown in FIG. 3A, an electron beam 52 accelerated 
by an electron gun 51 at an energy level of 1 0-50 kV is made incident upon the surface of a substrate 53 at a shallow 
angle ft (1 to 2 degrees or less) to be reflected and diffracted by surface atom to provide an electron beams 54 ; which 
is in turn applied onto a fluorescent screen 55 to check the crystal surface condition, in which the electron beam 51 
was accelerated at 20 kV. By this method, a shallow angle is employed to make the electron beam incident, reflect it, 
and measure the diffracted beam, so that it is possible to conduct measurement while forming a film without affecting 
a supply of the electron beam in a direction perpendicular to the substrate 53. 

[0041] A relevant diffracted image appears in the light and shade of a straight line or a band form (streaking image) 
if the substrate surface has a crystal construction, and when the substrate surface has irregularities thereon and so 
has islands formed thereon, electron beams which are transmitted and diffracted through these islands have a large 
influence to thereby permit a spotty image to appear in place of the streaking image. If the surface has a poly-crystal 
construction, on the other hand, the spot disappears to give a ring-shaped diffracted image instead. This is ascribed 
to a random distribution of the orientations of crystallite. Further, if the surface becomes amorphous, the atom array 
loses periodicity, so that the diffraction conditions cannot be met, thus render the RHEED line a halo with a uniform 
intensity. Thus, by this measurement method, it is possible to observe the surface condition of the silicon nitride film 2 
and to similarly check the film quality of the ZnO based compound semiconductor layer grown thereon, thus it is possible 
to know about a correlation between the film quality of the ZnO based compound semiconductor layer and the heat 
treatment. 

[0042] When the surface of the silicon substrate 1 is nitridated while measuring the surface condition, first an oxide 
film is remained on the silicon substrate surface, so that the surface is not flat, thus giving a ring-shaped diffracted 
image as shown in FIG. 3(c). When, in this state, an NH 3 gas is plasma-exciled by an RF power source is introduced 
into the chamber of an MBE apparatus, as described above, to then heat up the holder (substrate) to 650 °C or so, 
the oxygen of the oxidized surface of the silicon substrate 1 is reduced and removed, to permit a spotty image to appear 
as shown in FIG. 3(b). When this state is kept as is, the oxygen of the surface is removed to permit dangling-bonded 
Si and N to be combined with each other so as to form a silicon nitride, which is to be followed by nitridation processing; 
in this case, however, if the nitride film 2 has a thickness of not more than 10 nm or so, the diffracted image remains 
as spotty. If nitridation processing is conducted for longer than 10 minutes, the spotty image is blurred and, if it is 
conducted for 15 minutes or so, a ring-shaped image appears as shown in FIG. 3(c) again. 

[0043] That is, the above-mentioned good film quality can be obtained only when a ZnO based compound semicon- 
ductor is grown on a flat nitride film in such a state that a spotty diffracted image such as shown in FIG. 3(b) may be 
obtained or that a spotty image may be blurred a little, while in such a state that a ring-shaped diffracted image appears 
as shown in FIG. 3(c), in which nitridation processing has been conducted excessively to make irregularities on the 
surface prominent, thus the crystallinity of a ZnO based compound semiconductor layer grown thereon is deteriorated. 
To suppress irregularities due to an amorphous surface, therefore, nitridation processing can be conducted to keep 
flatness of the surface, thus obtaining a good film quality of the ZnO based compound semiconductor layer. 
[0044] As the silicon substrate 1, for example, a phosphorus (P) doped n-type silicon substrate (111) can be used 
that is employed in typical ICs. Besides, for example, a boron (B) doped p-type substrate or a one having a face 
orientation of (1 00) may be used. This silicon substrate 1 firstly undergoes organic washing such as ultra-sonic washing 
by use of acetone, methanol, and pure water and then substrate washing involving light etching of a surface oxide film 
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by use of diluted hydrofluoric acid solution. 

[0045] As mentioned above, preferably the silicon nitride film 2 is formed through heat treatment in an atmosphere 
containing nitrogen because the surface of the silicon substrate 1 will neither become poly-crystallized nor be amor- 
phous. Although this nitridation processing does not always require an MBE apparatus as mentioned above ; preferably 

s it is used because the processing can be conducted while observing the process using the RHEED method. Also, 
although., as mentioned above, an ammonium gas has been plasma-excited and used to provide an atmosphere con- 
taining nitrogen, an N 2 gas may be plasma-excited or an N0 2 gas may be used. As mentioned above, this silicon nitride 
film 2 is processed so that it may not be poly-crystallized but be flat. That is, it is preferably formed to a thickness of 
1 0 nm or less and, more preferably, to a thickness of 5 nm or less. The required conditions may be adjusted in terms 

io of the processing temperature and time; a higher temperature corresponds to a shorter processing time and a lower 
temperature corresponds to a comparatively longer processing time. 

[0046] In an example shown in FIG. 1 , a semiconductor layer lamination 1 1 includes a contact layer 3 made of Ga- 
doped n-type ZnO and formed to a thickness of 1 u.m or so, an n-type clad layer 4 made of a similarly Ga-doped 
MgyZn^yO (0 < y < 1 . for example, y = 0.1 5) and formed to a thickness of 0.2 \im, an active layer 5 formed to a thickness 

75 of 0.1 jam and made of Cd^n^O (0 < x < 1 . for example, x = 0.08 to provide such a composition as to provide a 
smaller band gap energy than that of the clad layer), a p-type clad layer 6 formed with a thickness of 0.2 iim and made 
of MgyZn^yO (0 < y < 1 , for example y = 0.1 5) to which Ga and N are doped simultaneously, and a p-type contact layer 
7 formed to a thickness of 1 p.m and made of ZnO to which Ga and N are doped simultaneously, in this order. And this 
semiconductor layer lamination 1 1 has a light emitting layer formation made of double hetero construction of the active 

20 layer 5 and clad layers 4, 6. These semiconductor layers are consecutively grown using the above-mentioned MBE 
apparatus following the nitridation processing. Note here that preferably the active layer 5 is non-doped in order to 
avoid formation of a non-light emitting recombination center. Also, the n-type clad layer 4 and the p-type clad layer 6 
are formed to have a band gap larger than that of the active layer 5 in order to effectively confine the carrier in the 
active layer 5. 

25 [0047] To diffuse a current, a transparent electrode 8 made of, for example, an ITO film is formed to a thickness of 
0.2 {im on the semiconductor layer lamination 1 1 , on part of the su rface of which electrode 8 is formed a p-side electrode 
10 made of a Ni/AI or Ni/Au layers using a lift-off method etc. and on the back side surface of the silicon substrate 1 
is thoroughly formed an n-side electrode 9 made of a Ti/AI or Ti/Au layers. 

[0048] The following will describe how to manufacture this LED. First the silicon substrate 1 is set, for example, in 
30 an MBE apparatus and heated to 650 °C or so; then a NH 3 gas is plasma-excited by a high-frequency power source 
of a power of 300 W or so and then introduced into the chamber at a flow rate of 0.6 seem. The flow rate takes on such 
a value preferably, to enhance the intensity of a plasma-excited light. Then, nitridation processing is conducted for 
seven minutes or so. 

[0049] Next, the substrate 1 is cooled down to 300 to 450 °C to then open the shutter of a Zn supply source (cell) 
35 under the application of plasma oxygen in order to irradiate Zn with it and, also, to open the n-type dopant Ga shutter 
in order to grow the n-type contact layer 3 to a thickness of 1 u,m or so which is made of n-type ZnO. Next, another Mg 
supply source (cell) shutter is opened to grow the n-type clad layer to a thickness of 0.2 urn or so which is made of 

M 90.15 Zn 0.85°- 

[0050] Next, to grow the active layer 5, the Mg cell and the dopant Ga cell are closed to then open the Cd source- 
40 metal cell shutter in order to apply Cd, thus growing a Cd 0 08 Zn 0 92 O film to a thickness of 0.1 am or so. Then, the Cd 
cell shutter is closed to then open the Mg cell and the Ga cell again, and plasma-excited N 2 as a p-type dopant is 
introduced. Although Ga is an n-type dopant, the p-type layer can be obtained effectively by doping simultaneously 
with plasma-excited N 2 to thereby. Thus, the p-type clad layer 6 made of Mg 0 15 Zn 0 8s O is grown to a thickness of 0.2 
urn or so, and as the same, by simultaneously doping the p-type contact layer 7 made of p-type ZnO is grown to a 
45 thickness of 1 urn or so to thereby form the semiconductor layer lamination 11 . 

[0051] Next, the. wafer grown epitaxially in the MBE apparatus is taken out and put in, for example, a sputtering 
apparatus to form an ITO film, thus providing the transparent electrode 8 to a thickness of 0.2 urn or so. Then, the back 
surface of the substrate 1 is polished to provide its thickness of 100 urn or so, so that subsequently, for example, 
vacuum evaporation is carried out to form an n-side electrode 9 made of Ti/AI etc. thoroughly on the back surface of 
50 the substrate 1 and a p-side electrode 1 0 made of Ti/AI etc. on part of the ITO film 8 by, for example the lift-off method, 
to a thickness of 2 urn, respectively. Then, the wafer is scribed into chips, thus providing such an LED chip as shown 
in FIG. 1. 

[0052] In the semiconductor light emitting device using a silicon substrate of the present invention, a silicon nitride 
film is formed on the surface of the silicon substrate, on which is in turn stacked a ZnO based compound semiconductor 
55 later, which can therefore be grown with good crystal linity, thus obtaining a blue region semiconductor light emitting 
device using a silicon substrate having almost the same high light emitting efficiency as that when it is grown on a 
sapphire substrate. That is, a ZnO based compound semiconductor conventionally grown on a silicon substrate has 
a poor film quality and also many non-light emitting recombination centers and so is deteriorated heavily in light emitting 



T 



EP1 199 755 A1 



!! S! T^i in C ° nt r St ,0 ? iCK h0W6Ver ' aCCOrdin 9 10 ,he P resent invention - * 9°°d-quality semiconductor light emitting 
device using a silicon substrate could be obtained. 

[0053] The silicon nitride film, on the other hand, has a very small thickness of 1 0 nm or.less. so that when sandwiched 
by the overlying and underlying conductive semiconductor layers, it has continuity with little voltage drop This results 
in such a vertical-type light emitting device that from the right and back sides of the chip thereof, the p-side and n-side 
electrodes can be provided respectively, to thereby eliminate the necessity of etching part of a semiconductor layers 
laminated for electrode formation, thus significantly simplifying the manufacturing process and reducing the number 
o wire bonding steps by avoiding bonding either one of the two electrodes when the light emitting device because the 
other electrode can be directly connected by die bonding so that the device can be used very conveniently. 
[0054] Further, when an LD later described is formed, an end face of an optical resonator is preferably a mirror face 
and in fact can be so by cleaving because cubic system semiconductor layers are laminated on a silicon substrate and 
so are aligned according to the cubic system starting from the surface of the substrate, so that the substrate is easy 
to cleave as compared to a sapphire substrate and the end face of the optical resonator can be formed of cleave face 
as a result, a blue region semiconductor laser with excellent oscillation properties can be obtained 
0055] The above-mentioned example with an LED holds true also with an LD. In the case of an LD, the semiconductor 
layer amir.at.on 11 differs a little in that as shown in a cross-sectional explanatory view of FIG. 4. for example preferably 
an active layer 15 is formed in a multi-quantum well structure in which a barrier layer and a well layer made of non- 
doped Cd 0 03 Zn 0 97 O/Cd 0 2 Zn 0 s O are alternately stacked as many as two through five layers for each 5 nm and 4 nm 
respectively. Also, .f the aclive layer 1 5 is loo thin to sufficiently confine light therein, light guide layers 1 4 and 1 6 made 
of ZnO are provided on both sides of the active layer 1 5 respectively. 

[0056] Also, in the example shown in FIG. 4 of an LD chip with a SAS-type construction of burying a current blocking 
layer 17, on a p-type first clad layer 6a made of Mg 0 , 5 Zn 085 O is formed the current blocking layer 17 made of for 
example, an n-type Mg 0 2 Zn 0 8 to a thickness of 0.4 .urn or so, so that subsequently the wafer is once taken out of a 
crystal growing apparatus (MBE apparatus), on which is in turn formed a resist film and patterned into a stripe shape 
into which the current blocking layer 17 is etched using an alkaline solution such as NaOH to thereby form a stripe 
groove 1 8, after which the wafer is put in the MBE apparatus again to grow a p-type second clad layer 6b made of p- 
ype Mg 015 Zn 0 8s O and a p-type contact layer 7 made of p-type ZnO in much the same way as the previous example 

l^T,' th Vr nSP r nt e ' eCtr0de made ° f 3n IT ° iS rendered unnece ^ary and, instead, the p-side electrode 10 
ZlTZt ™«1 7 OU 9 hou * °" the c °"'act "aver 7 too. Note here that, although not shown, preferably an etching 

2 ye made of P- l VP e ls P™ided between the p-type first clad layer 6a and the current blocking layer 1 7 
SI k. T C ?T! red t0 3 GaN baS6d com P° und semiconductor, a ZnO based compound semiconductor, which is 
capable of wet etching, can be used to form an LD chip of the SAS-type construction in which a current blocking layer 
is buned, to dispose the current blocking layer near the active layer, thus providing a semiconductor laserwith excellent 
properties. Besides the SAS-type construction, however, the LD chip can have an electrode stripe construction in which 
the p-s.de electrode is formed only in a stripe, a mesa-stripe construction in which semiconductor layers on both sides 
of the stnpe-shaped electrode are etched down to the top of the p-type clad layer, or a proton-implanted type construc- 
tion , n which protons, etc. are implanted. FIG. 5 shows an example of the LD chip of the electrode-stripe construction 
This construction » the same as that of FIG. 4 except that the p-side electrode 10 is patterned into a stripe and that 
no current blocking layer is provided and so, the same elements are indicated by the same reference numerals and 
heir explanation is omitted. Note here that a reference numeral 6 indicates a p-type clad layer 
[0058] Even in such a construction, the substrate 1 is made of silicon, so that the two electrodes can be provided 
on the right and back sides of the semiconductor layer lamination and the substrate respectively to thereby provide 
great convenience both in manufacture and use and also, the end face of the optical resonator can be formed as a 
cloven face by means of cleavage, thus providing a semiconductor laser with excellent properties 
[0059] Although the above example has been described of an LED with the double-hetero construction the LED 
may have a simple pn-junction or MIS (Metal-Insulator Layer-Semiconductor Layer) construction, etc Also the LD 
chip ,s not limited to the above-mentioned slack construction bul may, (or example, be provided no light guide layer 
or any other layers. Further, although the above example has employed an MBE apparatus to nitridate the silicon 
substrate and subsequently grow the ZnO based compound semiconductor layer, an MOCVD apparatus for example 
may be used instead in these nitridation and growing processes of the semiconductor layer as far as under appropriately 
f n l C „T W ' ° l0Sely observin 9 *e surface condition to form almost the same quality of a surface 
[0060] According to the present invention using a silicon substrate, it is possible to grow a ZnO based compound 
semiconductor layer on the silicon substrate to thereby obtain a vertical-type blue region semiconductor light emitting 
dev,ce having the two electrodes provided on its right and back side surfaces. This feature simplifies the manufacturing 
process and reduces the costs and also decreases the wire bonding steps in the post-processing step, thus prov,dinq 
easy-to-use semiconductor light emitting device inexpensively 

[0061] Further, the device according to the present invention is capable of cleavage to thereby provide a laser res- 
onator having an excellent end face. So a short-wavelength and high-performance semiconductor laser is obtained 
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which can be utilized for an optical disc having a high recording density., and higher definition characteristics of a laser 
beam printer. 

[0062] The following will describe a device using a ZnO based compound layer according to the present invention 
using such a sapphire substrate that has the main face which is a face perpendicular to the C-face and a method for 

5 growing a crystal of the ZnO based compound layer in order to manufacture this device. 

[0063] As shown in FIG. 6 illustrating a cross-sectional view of its one embodiment, in a device having a ZnO based 
compound layer according to the present invention using a sapphire substrate includes a sapphire substrate 1a that 
has as its main face a face perpendicular to the C-face, and a ZnO based compound layer 2 which is grown epitaxially 
on the main face of the sapphire substrate 1a perpendicular to its C-face, for example, the A-face (11-20). This ZnO 

10 based compound is grown to a necessary thickness or in such a manner as to provide a necessary composition cor- 
responding to an intended device, i.e. crystal mixture with Mg or Cd or doping of a dopant. To constitute a semiconductor 
light emitting device, for example, as described later, an n-typeclad layerandap-typeclad layer formed of, for example, 
ZnO based compound semiconductor layers are sequentially stacked so as to sandwich an active layer by clad layers, 
the active layer has a smaller band gap than that of these clad layers, thus forming a light emitting layer forming portion. 

15 [0064] As can be seen from FIG. 7(a) illustrating a representative face orientation of a sapphire's single crystal and 
as can be seen from FIG. 7(b) illustrating a plan view of the single crystal's C-face, the A-face of sapphire is a face in 
which a line segment connecting every other lattice point of the C-face is perpendicular to the C-face, being indicated 
by a face orientation (11-20) of the sapphire's single crystal. This face orientation is of 6-time symmetry and, as shown 
in FIG. 7B, finds itself at six positions in a crystal consisting of one hexagonal column. On the A-face, as described 

20 later, expectedly thec-axial length of sapphire corresponds to four a-axial lengths of ZnO to thereby provide an excellent 
crystal construction; on this concept, however, the A-face is not always necessary but, as indicated by X in FIG. 7B ; 
even a face rotating in the C-face may be perpendicular to the C-face and so acceptable. Note here that "to be per- 
pendicular to the C-face" is not strict but may be almost perpendicular to have a typical allowable error in face orientation 
of ±0.5 degree, which has almost no influence on fluctuations of the crystal axial length. 

25 [0065] To grow a ZnO based compound layer on this sapphire substrate 1 a, first sapphire wafer 1 a having an A-face 
as its main face is washed for degreasing using acetone and ethanol and, finally, washed with pure water. Then, the 
washed wafer is put in a load lock chamber to be preheated at a vacuum degree of 133 x 10 -6 Pa or less and at 400 
°C or so for one hour to thereby remove the remained water. 

[0066] After the pre-heating, it is put in an MBE (Molecular Beam Epitaxy) apparatus held at a vacuum degree of 
30 133 x 10- 9 through 133 x 10* 10 Pa. Then, it is thermally cleaned at 800 °C or so for 30 minutes or so and then heated 
to 650 °C or so. Then, an 0 2 radical excited into plasma by an RF of 13.56 MHz is supplied and opened the shutter 
of the Zn cell, thus epitaxially growing a ZnO layer 2. Note here that to mix Mg and Cd in crystal or dope a dopant, the 
cell of these elements can be opened to obtain a desired ZnO based compound layer. Although the thermal cleaning 
was conducted at 800 °C or so for 30 minutes or so after washing in this example, annealing conducted at 1 000 °C or 
35 so for one hour or so was approved to improve the reproducibility of the crystallinity of the ZnO layer grown thereby. 
[0067] Thus, to check the crystal condition of the ZnO film epitaxially grown on the surface of the sapphire substrate 
having the A-face as its main face, an X-ray was applied to the surface of the ZnO film epitaxially grown to a thickness 
of a few hundreds of nano-meters or so to observe a normal position, as shown in FIGS. 8(a) and 8(b) together with 
the face orientation, of the face obtained from a resultant reflected-light intensity distribution. FIG. 8(a) shows the 
40 normal position of the face in the film grown on the sapphire substrate having the A-face as the main face of the present 
invention and FIG. 8(b), a normal position of the face in the ZnO film grown on the sapphire substrate having the C- 
face as the main face. 

[0068] Since ZnO is of 6-time symmetry in the a-axial direction, it cannot exhibit more than six points of diffracted 
patterns (normal position of the face) originally; in the case of the ZnO film grown on the C-face shown in FIG. 8(b), 

^5 however, besides a region where the ZnO's a-axis is parallel to the sapphire's a-axis, such a pattern is given as mixed 
that the ZnO's a-axis is rotated by 30 degrees with respect to the sapphire's a-axis and, as a result, 1 2 points of patterns 
were observed (actually, the pattern at the position rotated by 30 degrees had a low intensity and so observed to be 
small in proportion). In contrast, as shown in FIG. 8(a), the ZnO film grown on the A-face according to the present 
invention has the ZnO's A-face parallel to the sapphire's C-face, so that ZnO grown along the sapphire's c-axis in a 

50 constant crystal direction, so that only a 6-time symmetric diffracted pattern was observed. That is, no crystal growth 
a rotated by 30 degrees was observed. 

[0069] Also, the MBE method was used to grow a crystal layer for one minutes or so (to a thickness of a few tens of 
nano-meters) and then it was checked by the RHEED method (High Reflection Energy Electron Diffraction Method, 
by which an electron beam accelerated at 10 to 50 kV by an electron gun is made incident upon on the substrate 
55 surface at a shallow angle (1 -2 degrees or less), so that an electron beam reflected and diffracted by the surface atoms 
is projected onto a fluorescent screen to check the crystal surface condition), as a result of which a thin pattern was 
observed between the original ZnO patterns in the case of the film grown on the sapphire's C-face, while in the case 
of the ZnO film grown on the A-face according to the present invention, only the original ZnO pattern was observed 
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without intra-face orientation disturbances 

2o a^rJh 9 ^ a Z;l 0 ! C Ir k . ,n9 CrySta ' ' ayer C ° nditi0n ° f 2n ° fHm by 3 different method ' specifical| V 
fnZ of 4 e^ f 9 7* ( ° 3 WaVe ' ength in the case where »*t having a band gap 

energy of 4 eV larger than that of ZnO was applied to provide photo-luminescence emission A curve A in Fir q 

atuTc h CharaCt : riStiCS ° f thS Zn ° fi ' m 9r ° Wn ° n the ««>■*• -bstrate having the "a e as the mat ac an 

can b seen from a RG e 7 1" ,h "? ?n *" 9r ° Wn ° n S3PPhire SUbStrate havin 9 the C " face as the ma"n ace A 
can be seen from FIG. 9, by the ZnO film of the present invention, an intensity about 30 times that of the ZnO film 

o Z2 C ° Ul ? e ° btained a ' S0 thG reSU ' tant half " Value width was a sma » value" 5 7 me in the ca e 

of growth on the A-face of the present invention as compared to a value of 30 meV in the case of arowt o the C 
face, which clearly indicates an improved crystallinity. 9 C " 

[0071] According to the present invention, a ZnO based compound is grown on a sapphire substrate havino as it, 

rs^r ndicui ri: he c - face ' ,hus ob,aining a zno based <^^^i^z 

Zal , t eaS ° n f ° r th ' S may be as follows ' That is ' since as mentioned above the sapphirel c-axial 

length c s » 1.2991 nm and the ZnO's a-axial length a z is 0.325 nm. c s is roughly four times asTon T For tht 

s ^ t T n be r: from a pian view of fig - 1 ° sh ° 49 the c ^ ai <^»<«*z^^ 0 "&z^ 

IT T TV 6 A " feCe 8S the maiP faC6 ' Zn ° CryStal£ coneepondlng to two crystals are a gned n the LpphiS 
p'rovid Zn S C ra (C rT' S C ° rreSp ° ndin 9 t0 four a " axis > <° thereby greatly stabilize the intra-face oS^ZSSI 
providing constant intra-onentation growth. In thfe-case, the lattice mismatching rate e is e = (4 x a - c VC - 0 0 7 T 

m!L th, \ v,ewpoint < 11 ,s auessed that Asides the A-face, any face such as an X-face shown in FIG 7(b) 

mentioned a ove that rotated in the C-face, that is, perpendicular to the C-face may be employed so that Is shown in 

cTre soZ: ° n6d ab ° V f, the 2n ° baS6d COmP ° Und C ^ Stals are ali 9 ned ■«* 'hat four a-aL leng h o Zn0 "ta 
Tood^ 

Sha^n^ 

LsThe Lin face " semiconductor layer was grown on a sapphire substrate having this A-face (11-20) 

EH tf 8 T bS fr ° m itS perspec,ive explanatory view of an LED chip shown in FIG. 1 1 in the semiconductor 
hght emitting device of the present invention using a sapphire substrate having as the main face a face per^di a 

11 1 1 1 J ' 3 ^ r P K irG SUbStrate 1 3 haVin9 ,hS A " faCe 35 the main ,ace has there ™ a semiconductor layeZina on 
l^O^ 

S n 1° the 7 e ' am . P ' e Shown in FIG - 11 ■ the semiconductor layer lamination 11 has the contact layer 3 made of Ga- 
doped n-type ZnO with a thickness of 1 um or so, the n-type clad layer 4 made of similarly Ga-doped Mg7 n O (0 < 
V < 1 , for example, y = 0.15) with a thickness of 0.2 urn or so, the active layer 5 made of Cd Zn^ o7o < x < 1 with 

h c ne- To° I 1 " Sma " er b9nd 9aP ' eVel than that ° f the Clad layer ' ^r exam .e x'! 0.08) wim 

thickness of 0.1 u m or so, the p-type clad layer 6 made of Mg v Zn, ,0 (0 < y < 1 for examole v - o 1« tn JiTr! 

Ga and^ 3 thiCkneSS ° f °' 2 ^ ™- and the P^Pe con^c ay 7 made c ZnC Ko whfc 

G and N are doped simultaneously with a thickness of 1 um or so, in this order. And a double-hetero owEuJZ of 
Sni cl Z 9 ' ayer f ° rming P ° rti0n iS cons,ituted ^ the active layer 5 and clad layers 4 and 6 COnstructlon of 

h!t , Thase u semiconduct or layers are consecutively grown by the above-mentioned MBE apparatus Note here 

A, so h'nt y H tiVe ' ayer 5 iS n ° n - d0Ped " ° rder ,0 aWid thS f0fmation ° f -n-.ight emitting rSS^S^T 
Also, the n-type and p-type clad layers 4 and 6 respectively are formed to have a larger band gap energy Tan thaTof 
he active layer 5 so as to provide an effect of confining a earner in the active layer 5 ™ 

o Himl" « 6 ST n° ndUCt °K ' ayer ' aminati0n 1 1 iS f0rm6d 10 diffuse a current the transparent electrode 8 made of 
Li a. m P !' T m 10 3 th ' CkneSS ° f °- 2 ' Um ° r S0 ' on pan of whi <* is formed the p-side electrode 1 0 made of a 
to e oo S e t ^e ? "I" 0 " m8lh ° d a ° d ^ °' M — nductor layer lamination 1 1 is remov d by etc g 

I Xr WAu ,ay P ers C ° ^ °" " f0med ^ eVaP ° rati ° a e,C ' the n " Side electrode 9 mad ^ 

faoTi th NeXt ' h 7 t0 manUfaCtUre ,he LED is descri bed. As mentioned above, the sapphire substrate 1 having the A- 
deaned n e t r M n 'r ' S T^" 1 aCet ° n ^ etC ' t0 de 9 reas - p -hea«ed in the Load Lock chamber, and the ma^y 
2 m ateria! ^* hi r° Xy9en r8diCal at 650 ° C ° r 50 is supplied and *° shutter of the cel. of 
sem condor llT^T ^' ' ' S 0Pened t0 6pitaXia " y and se ^ ent ially grow the ZnO based compound 

ave amine ion TZ TT° T "T*™ ab ° Ve - mentioned Sickness values to thereby form the semiconductor 

N o asma a n ri r " . . * ^ ^ ^ ^ G * ™ & d0ped as a dopant < wh ile to form the p-type layer 
N 2 plasma and Ga were doped simultaneously as dopants 

rd71nt ft dri d hin the T ' o aV,ng ePitaXia " y 9mWn ' ayerS thereon is taken out ^ the MBE apparatus and 
undergone dry etching such as Reactive Ion etching (RIE) to etch off part of the semiconductor layer lamination to 
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thereby expose the n-type contact layer 3. This etching may also be carried out by wet etching by use of a sulfuric 
acid-based etchant. Then, it is set in, for example, a sputtering apparatus to form an ITO film on the p-type contact 
layer 7, thus providing the transparent electrode 8 to a thickness of 0.2 ixm or so. Then, the lift-off method is used to 
form the n-side electrode 9 made of Ti/AI etc. on the n-type contact layer 3 and the p-side electrode 1 0 made of Ti/AI, 
5 etc. on part of the ITO film 8 to 0.2 urn or so, respectively. Then : the wafer is scribed into chips, thus obtaining such 
an LED chip as shown in FIG. 11 . 

[0080] In the semiconductor light emitting device of the present invention using a sapphire substrate, on the surface 
of the sapphire substrate having the A-face as its main face is epitaxially grown ZnO based compound semiconductor 
layer, so that the c-axial length of each sapphire crystal and the four lengths of the a-axial length of ZnO based com- 
10 pound crystal are aligned with good matching, so that the ZnO based compound semiconductor layer can be grown 
with good crystallinity. Another ZnO based compound semiconductor layer grown thereon is also made of the same 
ZnO based compound, so that the layer grows with good matching with the former ZnO based compound semiconductor 
layer. 

[0081] As a result, it is possible to avoid the occurrence of non-light emitting recombination centers unlike the case 
15 of a poor film quality to thereby greatly improve the internal quantum efficiency, which may be combined with the high 
exiton of the ZnO based compound, thus providing the semiconductor light emitting device with a very high light emitting 
efficiency. Note here that in place of ZnO, such a ZnO based compound semiconductor in which a part of Zn is partially 
substituted by Mg or Cd may be grown on the sapphire substrate having the A-face as the main face to provide almost 
the same lattice constant, thus having almost the same good crystallinity in growth. 
20 [0082] Although the above example has been described with reference to an LED, the present invention can be 
applied also to an LD. In this case, the semiconductor layer lamination 11 is a little different in that, for example, as 
can be seen from the perspective explanatory view of FIG. 12. preferably the active layer 15 is formed to have such a 
multi-quantum well construction that a barrier layer and a well layer made of non-doped Cd 003 Zn 097 O/Cd 0 2 Zn 0 8 0 
arc alternately stacked as many as two through five to a thickness of 5 nm and 4 nm each time, respectively. Also, if 
25 the active layer 15 is too thin to sufficiently confine the light in therein, the light guide layers 14 and 16 made of, for 
example, ZnO are provided on the right and left sides of the active layer 1 5. Note here that like in the case of the above- 
mentioned LED, the n-side electrode 9 is formed on the n-type contact layer 3 exposed by etching part of the semi- 
conductor layer lamination 11 . 

[0083] Also, in an example of an LD chip, as shown in FIG. 12, having a SAS-type construction in which the current 

30 blocking layer 17 is buried, on the p-type first clad layer 6a made of p-type Mg 0 15 Zn 0 8s O is formed to a thickness of 
0.4 ixm or so the current blocking layer 1 7 made of n-type Mg 0 2 Zn 0 8 0, after which the wafer is once taken out of the 
crystal growing apparatus (MBE apparatus) and has a resist film formed thereon, which is then etched into a stripe 
shape to thereby etch the current blocking layer 17 into a stripe shape using a sulfuric acid-based solution, etc. to 
thereby form a stripe groove 18 having a width of 2 to 3 urn after which the wafer is put into the MBE apparatus again, 

35 so as to then similarly grow the p-type second clad layer 6b made of p-type Mg 0 15 Zn 0 85 0 and the p-type contact layer 
7 made of p-type ZnO. In this case, the !TO-made transparent electrode is unnecessary, so that the p-side electrode 
1 0 is formed almost throughout on the p-type contact layer 7. Note here that although not shown, preferably an etching 
stop layer made of p-type GaN is provided between the p-type first clad layer 6a and the current blocking layer 17. 
[0084] In contrast to a GaN-based compound semiconductor, a ZnO based compound semiconductor is capable of 

40 etching processing by means of wet etching, so that an LD chip having the SAS-type construction in which a current 
blocking layer is buried can be formed to thereby form the current blocking layer near the active layer, thus providing 
a semiconductor laser with high properties. Besides the SAS-type construction, the LD chip may be of an electrode 
stripe construction in which the p-side electrode is formed only in a stripe shape, a mesa-stripe construction in which 
the semiconductor layers on the right and left sides of the stripe-shaped electrode are etched into a mesa-type shape 

45 to the top of the p-type clad layer, or a proton-implanted type construction in which protons are implanted. An example 
of the LD chip of the electrode stripe construction is shown in FIG. 1 3. This construction is almost the same as that of 
FIG. 12 except that the p-side electrode 1 0 is patterned inlo a stripe shape and that no current blocking layer is provided 
and so their same elements are indicated by the same reference numerals and their explanation is omitted. Note here 
that a reference numeral 6 indicates the p-type clad layer. 

50 [0085] Although the above example has employed a double-hetero construction of LED, any other constructions 
may be used such as a simple pn junction construction or an MIS (Metal-Insulator layer-Semiconductor layer) con- 
struction. The LD chip can also employs any construction having no light guide layer but any other one, besides the 
above-mentioned stacked construction. 

[0086] Further, although the above examples have employed an MBE apparatus to grow a ZnO based compound 
55 layer, a MOCVD apparatus may be used instead. In this case, chemical phase reactions can be conducted using such 
reaction gases as di-methyl zinc (Zn(C 2 H 5 ) 2 ) as Zn, tetra-hydro-furan (C 4 H 8 0) as O, cyclo-penta-diethyl magnesium 
(Cp 2 Mg) as Mg, diethyl cadmium (Cd(C 2 H 6 ) 2 ) as Cd, tri-ethyl gallium (TEG) as dopant Ga, and plasma N 2 as N. 
[0087] Although the above examples have employed only a case of a semiconductor light emitting device using a 
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^^^z^^^;:^2X:;t 2n0 based compound semiconductor ^ «— « * 

face that h perpendicular to the cTc^uZ n a Saw h ^ ™ * SUbStrate having as its main face such a 

r00881 Thl „!L T- ♦■ W device ' a P iez °electric device, or a pyro-electric device 

IU088] The present invention makes it possible to arow a 7nr> h aco w „ ^ . eiecinc aevice. 

on which in turn can be stacked another ? . compound layer very excellent in crystallinity, 

based compound layers It l^Z ^J™ ? " ^ ""^ * thUS ° btaininQ the Zn0 

can 8 be provided" to Z^S^X^ * *" lnventten ' ^ exC6llent c ^a.,inity 

region s'emicond cto 1^^^^^^"°^" " W * ^ t0 ^ a blu * 

such a material that canta^^ ^ " emittin9 ^ 



INDUSTRIAL APPLICABILITY 



Claims 



1 . A 2nO based compound semiconductor light emitting device comprising: 
a silicon substrate; 

a silicon nitride film formed on the surface of said silicon substrate- and 

3 ' ' i9,, ' emBins **• data 1 or 2 - ™ tee '" -■ *» * «" » •»« .» . «*». 

4. The semiconductor light emittinq device of claim 1 ? nr q ™,h*r A i 

double-hetero construction in wh'ich an ac v " yer mad of CdTn n fo^'T^ ^ ' aminati ° n hM * 
which are made of Mg^n, 0 (0 < v < 1 ) and akn wh 1* h I \, Vx ( < 1 ) ' S sandw,ch ed by clad layers 
■jy^.yU (0 < y < 1 ) and also which have a band gap energy larger than that of said active layer. 

5. A method for manufacturing a semiconductor light emitting device comprising the steps of: 

7. A device having a ZnO based compound layer comprising: 

a sapphire substrate having a main face that is perpendicular to a C-face thereof: and 

a ZnO based compound layer which is epitaxially grown on said main face of said sapphire substrate. 

8. The device of claim 7, wherein said main face of said sapphire substrate is an A-face. 
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9. A method for growing a ZnO based compound crystal layer wherein a ZnO based compound layer is grown epi- 
taxially on a sapphire substrate so that a c-axis of said ZnO based compound layer may be perpendicular to a c- 
axis of said sapphire substrate. 

10. A ZnO based compound semiconductor light emitting device comprising: 

a sapphire substrate having a main face that is perpendicular to a C-face thereof; and 
a semiconductor layer lamination in which layers are laminated to form a light emitting layer said layers having 
at least an n-type layer and a p-type layer which are made of a ZnO based compound semiconductor grown 
epitaxially on said main face of said sapphire substrate. 

1 1 . The semiconductor light emitting device of claim 1 0, wherein said main face of said sapphire substrate is an A-face. 

12. The semiconductor light emitting device of claim 10 or 11, wherein said semiconductor layer lamination has a 
double-hetero construction in which an active layer made of Cd x Zn Vx O (0 < x < 1) is sandwiched by clad layers 
which are made of MgyZn^O (0 < y < ±1 ) and also which has a band gap energy larger than that of said active layer 
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FIG. 3 (a) 
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FIG. 4 
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FIG. 7 (b) 
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FIG. 8 (a) 
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FIG. 9 
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FIG. 10 
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FIG. 12 
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